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THE HALF-LIVES OF SOME SHORT LIVED 
UJW Z NUCLEI FORHED BY PHOTONUCLEAR REACTIONS 
Philip Phipps and D. J. Zaffarano 
AffiTRACT 
The half-lives o.f several merllbers of the "mirror" nuclei series 
have been measured, using improved scintillation counter detectors and 
a cycling apparatus which prog~ms the s.ynchrotron beam and several sub-
sequent gated detectors in seqJence repetitively. ,By the use of beta-ray 
energy discrimination, least squares fitting of decay curves, and by 
careful correction for b~ckground activities, the improved valu~s listed 
in Table A were found. 
Mg23 
sJl 
K37 
Si27 
Na2l 
Table A 
Summary of Half-lives Measured 
10.7 % 0.7 seconds 
2.40 :t 0.07 
0.98 !: 0.02 
4.05 :t 0.10 
22.9 :t 0.4 
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THE HALF-LIVES OF SOME SHORT 'LIVED 
LOW Z t~CLEI ffiORMED BY PHOTO~WCLEAR REACTIONS 
Philip Phipps and D. J. Z<lffaranQ 
IITRODUCTION AND PROBLEM 
The problem of studying short lived activities whose half lives are 
in the range of one second to several minute.s is d challenging one be-
cause such activities are detectable by conventional methods and yet are 
too short lived to examine accurately by means of a stopwatch and scaler. 
The problem may be divided into three parts: 
1. The problem of transportation of the radioactive isotope 
to a place and in a suitable form tb be an<:J.lyzed by some 
counting technique. 
2. The problem of recording the data to determine accurately 
the half life of ~~e short lived activity . 
3. Somewhat related to 2 is the difficulty of getting enough 
data for accurate measurement of ·c,he half life. This may 
be due to transportation d.j.i'ficulties, interfering activi-
ties, too lmv a bombardment intensity 1:,o give good activa-
tion, ,or poor analyzing equipment. The latter ,includes bad 
geometry of the detecting device (photomultiplier tube and 
the scintillation crystal,. Geiger · Mueller counter, or 
electroscope). 
There have been many .methods desiened to overcome these difficulties 
since 1935, and especially in more recent years. Considerable use has 
been made of the cathode ray oscilloscope in 9onjunction with a camera. 
Schelberg (1) has displayed pulses from a photomultiplier tube together 
with a tttime marker" pulse on an oscilloscope and photographed the result. 
Boley and Zaffarano (2), by using 'compressed air to fire a target between 
bombarding position and counting position, were able to measure many · 
of the .short half lives and energy spectra oft the mirror nuclei. The 
events from the detector vTere displayed 'on an oscilloscop'e screen as' dots 
whose displacemen~s were proportional to the energy of the particles 
1 
This report is based on a Master of .Science lthesis 'by Philip Phipps sub-
mitted December, 1953, to Iowa State College, Ames, Iowa. This work was 
done under contract with the Atomic Energy Commission. 
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causing the pulse. Th~se dot~ were photographed witha 35 mm film and 
later analyzed. Martin and Breckon (3) , used a ·siinilar method. 
, I 
Various instruments such as an electroscope (4) or the lights on a 
scaler together 1v-ith a stop watch (5) have been photographed on rapidly 
moving film; the data can be analyzed at one 1 s leisure. Pulses from a 
detector, such _as a G. M. counter or photomultiplier and scintillation 
crystal, can· be recorded on the moving paper tape of a Brush oscillo-
graph (6:, 7). Another method used by Crane, Dclsasso, Fowler, and Laurit-
sen (8) in 1935 consisted of monitoring a rotating target whose activity 
varied with the angular displacement from the bombarding position. Still 
another method employs a set of ffiicro switches operated by a cam to con-
trol pulses from a detector to a . set of scalers (9). One of the fastest 
methods is the use of electronic "gates" of fixed width but of variable 
time delay after the bombarQ~ent time (10, 11, 12). In this method a 
set of s calers is allowed to count during the period of their respective 
11 gates". Activities of a fe1v- milliseconds duration ca.n then be mea.sured. 
METHOD USED 
The method used for analyzing the short half lives discussed in 
this thesis consists of the use of a set of relays 11hich automaticc~.lly 
turn on the Iowa :State College 70 11ev synchrotron beam for c1. specified 
length of time. The beam is then turned ofi', and after d. preset delay 
nine scalers are allowed to count in consecutive order. The counting 
time of each scaler is one of two periods. The bombardment time and 
the counting times of each of the first five scalers is ctpproxim . ttely 
equa.). to the half life to be studied. The rest of the nine sca.lers 
use the second tirne period which is set for periods of t Ho to five times 
the half life to be studied, and . thus e:m accurate measurement of the 
background may .be obtained. After the last scaler has finished its 
counting period, the programming circuit switches the scaler off, turns 
on the synchrotron beam, and the entire cycle commences again. a large 
nlli~ber of complete cycles like this produce a histogram with each inter-
val represented by a scaler, and the ~gnitude in the interval is repre-
sented b.Y the total counts recorded by the scaler. 
A photomultiplier tube, with an anthracene crystal mounted on the 
photo sensitive end, is set about one foot behind a 5" thick lead shield. 
The target is hung immediately above the crystal and directly in the pc:ith 
of the synchrotron X-ray beam as shown in Figure 1. The pulses from the 
photomultiplier tube are sent a distance of about 40 feet to a Nuclear 
Linear Amplifier Model 204-c. The amplified pulses (5 to 70 volts) are 
displayed on a Du111ont 303 oscilloscope and are also fed into a single 
channel differential analyzer. Th::_s is shmm in the diagram of Figures 2 
Target 
Crystal. and 
Photomulti-
plier tube 
To Ampli-
fying and 
~zing 
rack 
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Fig. 1--Bambardment arrangement. 
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and 3. The differential analyzer discriminates against all incoming 
pulses except for those within a narrow preset energy range or against 
all pulses below a certain P.~se height. All acceptable pulses then 
pass into a Schmitt trigger -circuit whose output 'signal has a constant 
amplitude of about 20 volts. Another cathode follower sends these pulses 
into the programming circuit where they are distributed to the nine 
scalers, when there is no bombardment taking place. A basic timing pulse 
once each second is produced b,y the pendulum of a clock as it swings and 
interrupts a beam of light shining on a photo cell. This pulse is sent 
to the programming circuit's frequency divider. 
The two middle left hand switches in Figure 4 adjust the frequency 
divider for the desired bombarding and first counting periods. The .lower 
left hand switch controls the frequency divider for the second counting 
period. The right hand dial switch is the delay selector and has a range 
of from 1/lOth of a second to 54 seconds. The total· t ime the first scaler 
is registering pulses is equal to the first time interval minus the delay. 
This delay in the first scaler allows one to avoid picking up any unwanted 
activity in the second and millisecond ranges. Further information and 
details may be found in the Physics Department Master's thesis to be sub-
mitted by Raymond M. Kline. 
The photomultiplier tube and scintillation crystal require ~ecial 
consideration. For this discussion see Figure 5. The anthracene crystal 
used was a solid cylinder 1-1/2" in diameter by 1" thick and had one end 
formed concave in order to fit an R. c. A. 5819 Photomultiplier tube face. 
The optical contact was obtained with the use of Dow-Corning 1,000,000 
centipoise Silicone "200" Fluid. A' nagnesium oxid~ coated aluminum reflector 
was used on the sides and top. Black Vinylite electrical tape was Wrapped 
around the tube and aluminum reflector, making the whole tube light tight. 
It was found from e,Xperience that improved resolution was obtained if 
the reflector did not touch the crystal, but was a few millimeters from 
it. The thin _MgO coating seemed to improve resolution somewhat, because 
of its greater light reflecting quality than the usual polished aluminum. 
It was found that the 3~1 mg per sq. em. Al end had very negligible 
effect on electrons of 0.5 Mev or greater. The resolution of the anthra-
·cene crystal and photomultiplier tube was consistently 16% when measured · 
with the internal~ converted electron energy of 624 kilovolts from cs137. 
The resolution was measured b,y first subtracting the Compton spectrum, 
then dividing the half width of the conversion peak by the energy of the 
conversion line. · The half width and conversion line energy were in arbi-
trary units proportional to energy as shown in Figure 6. 
· On all _occasions except one, the above described anthracene crystal 
was used. In the one exception a commercially mounted "La~co" sodium 
iodide (tha~lium activated) crystal was used. The crystal was enclosed 
in an aluminum cylinder 1-1/2" in diameter b,y }i_:·. deep with a thin glass 
shield 
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303 
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Fig. 2--Block diagram of equipment. 
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Fig. 4--Progra.mm.ing circuit and sca~er racks. · 
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light pipe sealed into one end . The light pipe was concave to fit the 
face of the photomultiplier tube. Additional optical contact was made 
with the 1,000,000 centipoise silicone oil and the whole tube and crystal 
were wrapped in black Vinylite electrical tape to insure light tightness. 
The sodium iodide crystal gave a resolution of 12% with the 661 kilovolt 
y -ray line from csl37. 
EQUIPI1B:NT TESTS AND CALIBRATIONS 
For linearity of the equipment two checking methods were used. The 
first involved a line~r step attenuator and a pulse generator. Pulses 
were sent through the step attenuator into the cathode follower of the 
photomultiplier tube. The pulse height after amplification was located 
with the differential discriminator. The result is a series of equally 
spaced points through which a line was passed and was observed to go 
through the origin. 
The second method made use of the sodium iodide crystal and a number 
of radioactive gamma ray sources as listed in Table 1 and Figure 7. 
The equi~ment was also checked using an anthracene crystal and the 
Compton edges of the gamma rays in Table 1. Essentially the same results 
were found, i.e., the system was linear and the calibration line pa ssed 
through the origin. 
The voltage at which·the photomultiplier cathode follower saturatres 
was measured to be about 30 volts. The anthracene crystal and photomulti-
plier combination used in thi s thesis gave a 4.5 volt pulse with 660 
volts on the photomultiplier. The 4.5 volt pulse corresponded to the 
Compton edge of Th-C•• gamma ray of 2.62 Mev. The Compton edge was cal-
culated to be 2.4 Mev. Th~ Nai crystal and tube gave pulses of about 2 
volts for the Th-C•' gamma ray. 
* The Compton edge (magnitude of the kinetic energy of electron suffering 
head-on collision with quantum of energy E)() was calculated for each 
gamma-ray from the formula (13) 
Emax - __ E_.Y~r--
computed for relativistic Compton scattering. 
4 
0 
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Table 1 
Radioactive gamma ray sources used for calibration with the Nai crystal 
Source Gamma ray energy 
Po-Be* 4.45 Mev 
Th-C 11 2.62 II 
zn65 1.12 "' 
Csl37 0.661 II 
Hl03 0.280 
" 
c11 (annihilation radiation) 0.5ll II 
*The alt~ha particle from the decay of Polonium causes the reaction 
Be9(~, n)cl2. The clz is sometimes left in the first excited state 
4.45 Mev. 
As long as the anthracene crystal was not exposed directly in the 
beam, no increased background was noted. This w~s not the case with Nai. 
Even though the crystal was shielded with lead and placed outside of the 
s,rnchrotron beam, a background build up *as noted. A cadnium shield was 
placed around the tube and crystal, and this served to cut the induced 
background in half. This suggested that the Nai crystal was being activated 
by neutrons. The crysta~ and photomultiplier tube were finally placed 
about 20 feet from the beam with good results. The use of this arrange-
ment is discussed in the section describing the results obtained with Na21 
The check on the reliability of the programming circuit consisted 
of putting a signal generator at the input of the amplifier and allowing 
the programming device to operate as if it were actually controlling a 
bombardment and collecting counts on the nine scalers. The pulse totals 
recorded on each of the scalers were found to check one another to within 
one half per cent. A Cesium 137 source and the photomultiplier tube and . 
crystal were also used to provide a source of randomly distributed 
pulses. The totals on the scalers again checked to Within one half per 
cent. · 
. The delay 
which agreed. 
the second was 
per cvcle, the 
in the first scaler was measured in several ways, all of 
The ratio of the counts in the first scaler to those in 
taken, and knowing the counting time of the second scaler 
delay was calculated to be 0.10 seconds. Another method 
, 
. 
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involves using an oscillator, coincidence circuit and differentialdis-
criminator. This method will be described in more detail in the Master's 
thesis to be submitted by Raymond M. Kline. 
It should be mentioned that the 0.10 second delay is obtained from 
a special relay that requires this amount of time to build up its magnetic 
field. The other delays, none of which was used with any of the half 
lives discussed in this thesis, made use of the timing pulse from the 
clock pendulum and a frequency divider. The clock was checked with 
station WWV several times a week and was found to vary only a few seconds 
per day. 
Since many of the activations had to be run at a low ~nchrotron 
energy to avoid higher order reactions, the synchrotron maximum energy 
meter itself had to be checked. This meter is known to be linear and 
to read accurately at the maximum beam ener§2 of 69 Mev. Therefore, an· 
activation curve was made on 10.5 minute Cu 6C7) to detg~mine its thresh-
old energy. The threshold of the reaction CU 3( y, n) Cu is known to be 
10.6 Mev l23). The value measured was 10.5 t 0.2 Mev which agrees reason-
ably well. Thus, within this error the cali~ration of the synchrotron 
maximum energy meter passes through the or1g1n. 
Agtual trial runs were made using the known radioactive decays of He6 
and Li tQ test the equipment. These isotopes were fanned from the reac-
tions, LiJ( y ,p)Heb and Be9( '(",p) Litl respectively. The lithium was in 
the form of LiF; the beryllium was in the form of a metal block. The 
differential discriminator was set to stop all si~als below a pulse 
height coreesponding to 0.62 Mev in the case of He , and 3.5 Mev in the 
case of Li . In the latter case the discriminator was set at this high 
level so as to avoid all pulses from the reaction Be9(1(,2pn)He6. The 
synchrotron was run at 69 Mev maximum energy for both reactions. The 
results are as follows: · 
Table 2 
Comparison of He6and Li8 half life values with other reported values 
Isotope 
He6 
Li 7( y ,p)He6 
Half life reported .here 
0.825 ± 0.022 seconds 
{.0. 017 external error) 
Other values 
+ 0.823 - 0.004 . (14) 
0.823 l. - 0.013 . (15) 
0.85 t 0.05 (16) 
0.83 ! 0.03 (34) 
14 
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Table 2 continued 
Half life reported here 
0.842 % 0.004 seconds 
(0.010 external error) 
Other values 
0.85 % 0.03 
0.825 % 0.02 
(17) 
(18) 
0.88 (19, 20, 21) 
0.89 % 0.01 (33) 
About five times as many events were collected for LiB as for He6. 
The He6· activity also had more background to subtract, thus giving it 
considerab~ more error. Both values reported here are seen to agree 
fairly well with other reported values. The discussion of internal and 
external errors may be found at the ~nd of this section. 
Since· the delay immediately following the bombardment is part of 
the first scaler's counting time, a correction must be made to those 
counts. Assuming no background, this correction factor is the ratio 
of the counts tha~ would have occurred, had there been no delay, to the 
counts actually observed. This fraction is 
l- e~t2 
1 - eX (t2-t1) 
where t2 is the total counting period available, t1 is the delay, and ~ 
is the aecay constant of the activity observed. With a background which 
is long lived compared to t2, the net corrected counts in the first 
scaler is given by · 
where N is the gross uncorrected counts, '-and B is the background. 
All the half lives reported here were calculated by means of 
weighted least squares according to the formulas given qy Worthing 
and Geffner (24). The errors quoted on the data of this thesis are 
the internal errors, unless otherwise stated. The internal error of 
ISC-443 
a half life is calculatea from the probable error in each observed point, 
whereas the external error is based on the standard deviatlon of the 
residuals of the observed points from the calculated line. Essentially 
the external error is a measure of the scattering of the points about 
the least squares line provided there are no systematic errors or incorrect 
background subtractions. . The ratio of the external to the internal error 
should fluctuate statistically about a mean of unity (25). If the ratio 
is much larger than one, there is reason to believe th~t either too much 
or not enough background* was subtracted. 
The line that is to be fitted to the data has the form 
y: LnN = A t A:t 
where N is the net counts, t the time in seconds, and A and ~are the 
parameters ( A. is the decay constant). The constants are calculated thus: 
A =Lwtt2i~WiYi- ~witi~witiyi 
D 
~ : £wi ~wi tiYi - £.witi £wiYi 
D 
where D = ~ wi)wLti2 - (~witi)2. The weighting factor w is equal to 
the reciprocal ~ tne probable error squared. 
From the propagation of errors relation the internal probable error 
in l,_ is 
where 
and 
Pint : 0.6745 
The external probable error is 
Pext• Py v;;--
*Background as used here includes all activity, constant and decaying, 
other than the activity one tvants to study. 
16 
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Py = 0.6745 V L (:ti - A - ~ ti) 2wi 
n - 2 
and n is the number of points used. 
APPLICATION TO FIVE SHORT LIVED LOW Z ISOTOPES 
In nearly all the activities studied. there was present, in addition 
to a constant background, a long decaying background. The constant back-
ground was subtracted from the decaying background and a least squdres line 
was put through the result. This line was extrapolated to the initial 
activity, and the total background, both decayine and constant, was sub-
tracted. The result again had a least squares line passed through it and 
the slope determined, hence, the half life. 
. Four2£f the five isotopes were treated in a similar manner; the 
f~fth, Na , was treated in a different way. The activity of each of the 
first four isotopes was observed with the aid of an anthracene crystal 
and photomultiplier tube set up as shown in Figure l. The differential 
discriminator was set to exclude all signals below an equivalent energy 
of 0.62 Mev for these first four isotopes. The conversion peak of cslJ7 
was used for the calibration. 
Magnesium 23 
~agnesium 23 may be prow ced from the reaction Mg24( y ,n)Mg23. In 
this experiment a fairly pure block of magnesium >vas bombarded f or periods 
of 10 seconds per cycle with a beam energy of 27.5 Mev. This is just below 
the calculated threshold of 11g24(6,2n)11g22 which is 29.5 Mev.* The esti-
mated error in such a calculation is about l/2 Mev thus the synchrotron 
was set at 2 Mev lower than the calculated threshold. 1he first five scal-
ers counted for 10 seconds each per cycle; the last four scalers counted 
for 30 seconds each per cycle. Aft er the run vldS completed, the back-
ground was carefully recorded -for some ten minutes until it seemed to 
. level out into the constant background as shown in Figure 8. The entire 
procedure was repeated again with essentially the same results, and there-
fore the total events at similar times in the t-..ro r uns were added together. 
The decaying backgro~d had a hglf lif§ of 64 seconds and is very likely 
from the reaction Mg2b( '(, p)Na2::>. Na2::> has a half life of about 62 seconds 
(26, 7). 
*All threshold calcula tions are based on the mass values as given by C. W. 
Li (26, 37) and A. G. W. Cameron (38). 
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Fig. 8--Decay curve of Mg23. 
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The largest discrepancy is found with Boley's (2) value. This 
is apparently due to unsubtracted background, sin6~ his decay curve was 
recorded only long enough to identify the isotope 'and to measure its 
energy ppectrum. The external error given here indicates further inves-
tigation lvould be justified such as using a Nai crystal as <vas done in 
the case of Na2l. The same maxi~m beam energy should be used, 27.5 Mev. 
to avoid Mg24( '(', 2n)Mg22 and Mg2 ( "(", dn)Na2l. In view of the ratio of 
nearly unity between the external error and the internal error there is 
little reason to suspect a bad background subtraction. In any event, 
it ~vill be interesting to see what Vdlues 'rlill be obtained in the near 
future with this equipment for Mg23. 
Table 3 
Comparison of values for the half life of Mg23. 
Value reported here Other values 
10.7 t 0.2 seconds 12.3 ± 0.4 (2) 
(0.2 external error) 
11.9 t 0.3 (26) 
11.6 t0.5 (4) 
Sulphur 31 
The sulphur used was in a compressed "flowers" of sulphur .form. In 
order to avoid the reaction s3 2( ~' 2n)s3° when producing s32( 't;n)sJl the 
beam energy was set at 25.5 Mev. The threshold calculation gives a value 
of 27.3 Mev for the production of S30. The first five scalers were on a 
3 second time period per cycle, while the last four scalers counted for 
12 seconds each per cycle. After the run wa::; completed, the background 
decay was recorded. The background points were badly scattered as can be 
seen in Figure 9, but it definitely decayed; the half life was approxi-
mately 33 seconds. This does not correspond to any kno~ photon~clear re-
action; it perhaps could be due to the activity from sJb(~,p)p3>. 
The most recent values 
with the one reported here. 
is very nearly unity. This 
sis tent with itself. 
(27, 35) are more in agreement than the others · 
The ratio of external error to internal error 
would suggest that the data is at least con-
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Table 4 
Comparison of values for the half life of sJl. 
Value reported here Other reported values 
2.6 i 0.2 (27) ; 2.40 t 0.07 seconds (0.07 external error) 
2.66 :1: o·.o3 (35) 
3.18 :!:: 0.04 ( 5) 
3.2 ~ 0.2 ( 4) 
2.'9 (28) 
3.2 :t: 0.3 ( 2) 
Potassium 37 
This .isotope was produced from the reaction K39( y-,2n)K37. ·Potas-
sium iodide powder was pressed into a cylinder 1-1/2 inches in diameter 
and 3 inches long. In this form it was bombarded with a maximum beam 
energy of 39 Mev for one second per cycle. The programming circuit was 
set to allow the first five scalers to count for one second per cycle, 
while the last four scalers counted for four seconds each per cycle. 
The background appeared very constant in the last three sc~lera 
(Figure 10), and therefore their registered counts were averaged together, 
subtracted'!rom the initial activity1 and a least squares plot of this was 
made. 8The activity built up in the background most probably wc~.s due to 
the K3 7.7 minute isotope • . This has an end point of 2.8 Mev, whereas 
K37 has an endpoint of 4.6 Mev. Another possibility is Il28 from neutron 
activation of Il27. This would result in an activity whose maximum beta 
energy end point is 2.02 Mev and whose half life is 25 minutes. It 
would seem that setting the discriminator at 2.8 Mev would eliminate this 
background. It was found, hoviever, that this reduced the statistical 
accuracy on K31 so much that it was impractical Viith the low synchrotron 
beam intensity at the time. · 
Langmuir's value (29) is considerably higher, yet he used the sama 
( 0,2n) reaction, No mention of his bclckground was m;~.de, Boley's value 
(2) also from an identical reaction here at Iowa State College is barely 
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within agreement with the value reported here. But again, Boley followed 
the activity only long enough to identify it and find the end point of its 
beta spectrum. Apparently no background was subtracted. H=J.d it been 
subtracted it might have lowered his value enough to agree with that reported 
here. 
Table 5 
Comparison of values for the half life of K37. 
Values reported here 
0.98 ± 0.02 seconds 
- (0.04 external error) 
Other reported values 
1.3 ± 0.1 seconds (29) 
.1.2 ± 0.2 seconds ( 2) 
On the other hand, the ba ckground for the value reported here is not 
well defined, i.e., it has not been recorded long enough after the decay 
of K37 to identify it. There is a possibility of a short lived isomeric 
state in K38which could shorten the value given here. This l atter pu~ges­
tion is made in vim-1 of the recent discovery of such a state in Cl34 (23). 
Silicon 27 
Silicon oxide (silica gel), packaged in a very thin rubber hydro-
chloride plastic bag, was bombu. r ded 'il i th a max~mum synchrotron beam 
energy of 27.5 Hev to produce the reaction Si2 (y,n)si27. This low 
energy was chosen to avoid the reaction Si28( I, 2n)Si26 which has a 
threshold of 29.9 Mev. The bombarding time and the fir st five scalers 
were on for five seconds each cycle, while the last four scalers counted 
for eighteen seconds each cycle. 11.fter the run was completed, the back-
ground was recorded, a nd still l ater the constant background was 
counted. The half life of the deca~~ng background v1as 164 sec%r.ds, \vhich 
is probably due to the Si29(lr,p)Al (2.3 minutes) and the ol (1(,n)ol5 
(2.1 minutes). 
The value reported here is 1nthin statistical error of all except 
B9ley1 s (2). Again, Boley had little idea of his background and therefore 
could not subtract it. 
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Table 6 
Comparison of values fo·r the half life of Si 27 
Value reported here Other reported values 
4.05 ~ 0.10 seconds 5.4 ~ 0.4 (2) 
_(0.05 external error) 
4.5 (28) 
4.92 ± l (5) 
-4.9 :f: 1 (30, 31) 
Sodium 21 
The longest of the half lives studied was that of Sodium 21. A 
block of sodium metal was wrapped in a thin rubber hydrochloride bag and 
bombarded at 69 Mev maximum energy for an interval of 20 seconds to induce 
the reaction Na23( -0, 2n)Na21• A delay of fourteen seconds each cycle 
ensued before the programming circuit was put into operation. During 
this delay the sodium was manually transported about 20 feet from the 
bombarding position to a Nai crystal and photomultiplier tube. The cry-
stal and photomultiplier tube were placed in this position to avoid 
background build up. A 2.6 gm/cm2 aluminum absorber was placed between 
the crystal and the sodium. This was for the purpose of absorbing the 
beta particles from the reaction Na23(~,2pn)p20. After each 5,000 
counts in the first scaler, a background run was made to make sure there 
was no change. This type of set up WdS used primarily to mask out the 
activity of p2~ and p2l-which are not positron emitters. The delay of 
14 seconds insured against Na20 activity of 0.23 seconds. 
The first counting period per cycle was "20 seconds for scalers one 
to four; the second counting period per cycle was 108 seconds for 
scalers five to nine. The annihilation radiation from the positrons 
of ell was used as a calibration of the differential discriminate~. The 
discriminator was then set to pass pulses corresponding to the energy 
range 0.47 to O.SS Mev. 
As will be noted from Figure 12, there is still a long lived back-
ground. whict; is attribut~d to nitrogen ;Gntaminatio.n. The nitrogen from 
Na3N w~ll g~ve the reactlon N1 (,,n)Nl whose half life is 10.1 minutes. 
rsc-443 
1000 ~ 
I\ 
\ ~ -22.9 to 0.4 seconds 
~ 
Na 21 decay 
o total activity 
• 
• 
.. 
~ 
" 
= 
400 
.. 100 
" ~
.. 
'0 
c 
0 
u 
: 40 
.. 
• ~ 
.. 
.. 
c 
::J 
0 
(.) 
o background 
400 500 
Seconds 
Fig. 12--Decay curve of Na21. 
25 
26 ISC-443 
The external error in this case indic~tes that the scattering of 
the points is less than one would expect. Very favorable agreement is 
seen with both Schrank and Rich~rdson•s (32) value and with Fox, Croutz, 
and Sullon 1 s (30) value. This measurement of Na21 could also be consider-
ed a good check on the equipment in the longer half life range. 
Table 7 
Comparison of values for the half life of Na21 
Value reported here 
22.9 ! 0.4 seconds 
(0.2 external error) 
CONCLUSION 
Other reported values 
22.8 :!: 0.5 
23 t 2 
(32) 
(30) 
One of the purposes of this thesis has been to demonstrate the prac-
ticality of this short half life equipment qy applying it to five of the 
mirror nuclei, Z - N = 1. It is hoped that greater accuracy will be 
attained in the future using this roothod. More accurate half lives of the 
mirror nuclei ~vill be especially valuable in the theory of beta decay. 
In the second column of Table 7 the approximate half lives were calculated 
by averaging the background and subtracting that average from the in~tial 
activity. The results are higher than those in column 3 except for K37 
which had an almost constant background anyway. The fact that Na21 agrees 
so well with the literature values is a good test of the equipment on the 
longer counting periods. The first four half lives, according to a more 
accurate background analysis by least squares (Table 7, column 3), are 
somewhat lm-rer than those published in the literature. However, more 
work on these isotopes is being planned. 
The data reported here can be further checked by observing the posi-
tron ~nnihilation with a Nai crystal with the synchrotron maximum beam 
energy below the threshold of higher order reactions (the ( cr, 2n), 
(~,2p), etc.). The Nai crystal should be used to test for ' gamma rays · 
in the mirror nuclei. It .has been found in this work th~t the values hf 
the half lives are quite sensitive to the amount of background being 
subtracted. As new anq more accurate values of half lives are being 
reported, it is beco.ming increasingly important to account for all 
ISC-443 27 
background when making new measurements. Failure to do this is the cause 
of much discrepancy in reporting short half lives today. 
Table 8 
A summary of the activities studied in this thesis 
Isotope Half life with crude Half life wi. th least 
background subtraction squares background 
subtraction 
Mg23 12 sec. 10.7% 0.7 seconds 
(external error) 
sJl 2.6 2.40 :1: 0.07 
K37 1 0.98 t 0.02 
Si27 5 4.05 * 0.10 
Na21 27 22.9 :t 0.4 
These criticisms have been suggested during the course of this work 
and are offered in the hope that they will be of value in the future work 
with this equipment. 
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